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Healthy Soils for a Green Future Event,
Edinburgh: Engagement is key!

Kenneth Loades (The James Hutton

March 2023 signifies the end
of the first year for the
Healthy Soils for a Green Fu-
ture project funded through
Scottish Government. There
has been much work in the
first 12 months of the projects
and in this edition of The Soil
Sentinel you can see some of
this work within the poster
summaries, and talk abstracts,
provided. Each complete poster
can also be viewed on our Ze-
nodo Healthy Soils community
accessible here: https://
bit.ly/3nyZItV!

The project team were keen to
highlight some of the initial
findings, and future plans at
the first of our annual project
workshop which was held in
the austere rooms of the Royal
Society of Edinburgh. The
event was well attended by
over 50 people from research-
ers and science advisors to
those working on Scottish Gov-
ernment policy, regulators, and
other key stakeholders.

The day was opened by the
coordinator of the Healthy
Soils project, Dr Roy Neilson,
who outlined the research are-
as and looked to the near fu-
ture and the possible effects of
the European Soil Mission and
the Soil Health Law that would
specify a legally-binding frame-
work for harmonised soil target
setting, monitoring, and re-
porting and how this could
impact on Scottish soils work.

Professor Mathew Williams,
Chief Scientific Adviser (CSA)
Environment, Natural Re-
sources and Agriculture for
Scotland, highlighted the im-
portance of soils in tackling
many critical issues facing us
today, the biodiversity crisis,
climate crisis and the need for
resilient landscapes. His mes-
sage was clear of the need for
robust data from good science.
Without this evidence, robust

Rural & Environmental Science
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policies and solutions to the
challenges we are facing will be
impacted with soils critically
important in delivering to Scot-
land's environmental goals. It
was also noted that policy
needs to be adaptive in re-
sponse to scientific under-
standing. Resilient soils will
provide a more resilient Scot-
land to the future challenges
we are likely to face.

The first two presentations
outlined the focus of the day,
the need to understand soils
from both a functional and
provisioning services perspec-
tive. Critical is the development

of an effective monitoring
scheme and also indicators of
change. One of the main meth-
ods of measuring the health of
the soil is by using the correct
and valid soil indicator with Dr
Nikki Baggaley from the James
Hutton Institute outlining work
in this area to date.

It was great to hear from Na-
tureScot and SEPA, both organ-
isations who have significant
interest in the outcomes of the
Healthy Soil program. Dr Karen
Dobbie from SEPA spoke of the
value of our research and also
the desire to work together
further in addressing key issues
and the need for stronger evi-
dence of the multiple benefits
of sustainable soil use and
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management. Dr Clive Mitchell
from NatureScot echoed these
thoughts including the need to
effectively translate core sci-
ence into policy and manage-
ment outputs. Effective en-
gagement is central to this and
one which we hope to continue
to develop as the project, and
findings, develop further.

During the second session
there was a summary of the
research platforms used in the
project by Dr Christine Watson
and you can find more about
these in the article on page 5
which includes a map and QR
codes linking to more detailed
information on each site. This
was followed by Dr Paul Har-
greaves from SRUC who sum-
marised the knowledge ex-
change activities and also the
significant engagement
achieved through support from
the SEFARI Gateway in attend-
ing the World Congress of Soils
Science. You can see infor-
mation generated for this on
the Scottish Soils website ac-
cessible here: https://
bit.ly/3Ztizy8.

Drs Jagadeesh Yeluripati and
Maddy Giles ended the session
with talks on modelling soil
carbon and also work in man-
aging nitrous oxide emissions
from soils. Specifically
Jagadeesh spoke about the
potential for sensor network
technologies contributing to
the predictions of GHG emis-
sions, soil carbon change, crop
yields and N leaching. Maddy
meanwhile highlighted the
opportunities in the use of low
GHG emitting plant varieties
and the role of the soil micro-
biome in determining CO2
emissions from soils.

After lunch the final session
included talks from other soils
projects funded by Scottish
Government which link to the
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Healthy Soils project. Dr Mark
Wilkinson outlined work on
nature based solutions (NBS)
to future water-related envi-
ronmental pressures and in
understanding the restora-
tion benefits for climate
resilient river corridors. Mark
highlighted how NBS can
deliver multiple benefits,
such as safeguarding biodi-
versity, in addition to those
associated with managing
flooding and C sequestration.

Dr Rebekka Artz followed this
with an update on the Cen-
trePeat project, an essential
part of the Scottish Govern-
ment funded work on peat-
land for both sustaining and
enhancing peatland in Scot-
land, this has previously fea-
tured in The Soil Sentinel.

Other speakers considered
the wider soils environment
with talks on the future land
capability for Scotland by
Emmanuel Udugbezi and a

BEBEY Measuring soil

properties with your phone -

talk from Professor Bob Rees
on soil carbon sequestration
and achieving Net Zero by
2045 related to land-use.
Finally, Alistair McVittie con-
sidered the value of the
natural capital of Scotland'’s
landscapes.

The day ended with an open
discussion on the theme of
knowledge exchange and
how such events can be
improved. It was noted that,
more than ever, we need to
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continue to engage and ensure
the correct message is made
available to the right people at
the right time.

multifunctional
influence of

Hybrid Digital Soil Mapping
and image analysis (https://
bit.lv/3anYe|)

Matt Aitkenhead (The James Hutton
Institute) and Adnan Khan (The James
Hutton Institute and Abertay

agricultural practice on soil

microbiome functioning
(https://bit 1y/31TnGtT)

Christine Watson and
Nicola Holden (SRUC)

Fiona Fraser,

University)

Measuring soil properties is
important for multiple rea-
sons; there are multiple land
uses and industries that rely
on soil information such as
carbon content, structure,
pH, texture or density. How-
ever, soil analysis in the la-
boratory is often time-
consuming and expensive.

We have been exploring the
possibility of using mobile
phone images as a fast and
low-cost alternative to labor-
atory-based ‘wet chemistry'.
Using the Conditioned Latin
Hypercube (CLH) sampling
strategy method, we identi-
fied sample locations at Fin-
zean Estate that provided
representative information
for Digital Soil Mapping
(DSM) and phone-based
monitoring of soil properties.
A database of imagery and
topsoil sample properties has
been developed and investi-
gated for its potential to
allow rapid assessment of
use to land managers.

The Conditioned Latin Hyper-
cube (CLH) approach was
successfully applied to a
stack of spatial datasets
extracted for the Finzean
Estate in Deeside, allowing
50 sample locations to be
identified.

Analysis of the extracted
points showed that the varia-
bility in spatial datasets is
}V ' Scottish Government
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appropriately captured by
these points.

Laboratory analysis of the
topsoil samples is ongoing,
with several of the properties
(C, LOI, pH, bulk density)
already determined.

Work is ongoing to develop
an image analysis approach
for extracting meaningful
image characteristics that
can be linked to soil proper-
ties alongside the spatial
covariate values.

An expanded field campaign
with more samples across
Scotland is planned for
2023/24.

For more information con-
tact Matt Aitkenhead
Matt.Aitkenhead@hutton.ac
.uk
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Soil functions underpin essen-
tial ecosystem functions (food
security, water purification,
carbon storage etc.) In turn, soil
functions are determined by
the soil microbial community
whose abilities are moderated
by the abiotic environment.

Here, the Healthy Soils pro-
gramme aims to refine our un-
derstanding of the functional
processes from the microbial
communities present in soil, the
interactions with parameters
commonly altered due to agri-
cultural practice and how this
influences the resilience of
these functions to exogenous
stress events.

Here we used temperature
stresses (freezing and heating)
to probe the resilience of the
microbiomes metabolism under
long-term (100 years) differing
agricultural management.

Resilience - the ability to recov-
er to functional levels similar to
that of control (or undisturbed)
samples after disturbance.

Cold shocked samples generally
less resilient. Less consistency
across fertiliser regimes — con-
ventional management (NPK)
shows greatest difference be-
tween shock treatments (Figure
1).

Resistance - the ability to
maintain functional levels simi-
lar to control (or undisturbed)
samples in the face of disturb-
ance. The resistance appears
most variable in the cold
shocked samples.

Generally lower and more
variable in cold shocked sam-
ples, this is consistent across
fertiliser regimes

Next steps: This work will
lead directly into similar test-
ing in year 2 across a range
of pH treatments, this test-
ing will be paired with DNA
sequence analyses and car-
bon stock data for the same
soils to increase our under-
standing of how manage-
ment differences paired with
inherent soil characteristics
and communities integrate
to produce soil health out-
comes. This knowledge will
be used to aid guidance on
using the principles of soil
health for agricultural man-
agement.

For more information con-
tact Fiona Fraser: Fio-
na.Fraser@sruc.ac.uk

Resilience

Resistance
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Biological processes underpinning soil ecosystem services (https://

bit.ly/3TV3FzE)

Eric Paterson and Clare Cameron (The James Hutton Institute)

Soil is a fundamental re-
source supporting delivery of
ecosystem services underpin-
ning societal, environmental
and economic benefits. His-
torically, these benefits have
been linked closely to soils’
capacity to sustainably sup-
port plant primary production
for food, fibre, and fuel,
thereby supporting human
life and activities.

These provisioning services
remain vital, particularly in
the context of increasing
global populations, a chang-
ing climate and competing
pressures on land use. How-
ever, a host of other services
that soils provide are now
recognised to underpin envi-

) geology, meaning that the
VAN ‘4 .
p— ecosystem services that they
Loss can potentially support is

infiltration), but that prediction
of biologically driven functions
(e.g., greenhouse gas fluxes,

variable.

nutrient cycling), is more diffi-
cult, particularly in the context
of dynamic changes associated
with management practices.

Management of soils for
single ecosystem services
(e.g., greenhouse gas mitiga-
tion) has consequences for
others (e.g., food produc-
tion), and understanding
these potential trade-offs,
across diverse soils, is a focus
of this research.

The soil functional analyses
identified strong soil type ef-
fects on biological processes,
and that for a single soil, man-
agement has a significant im-
pact on the capacity of that soil
to mediate processes underpin-
ning greenhouse gas fluxes, ele-
ment cycling, plant productivity
and nutrient retention.

ronmental and cultural ser-
vices that need to be consid-
ered in management and
policy decisions relating to
soils and land use.

The desk review of existing
knowledge on soil ecosystem
services identified successful
use of soil properties to pre-
dict services that are primari-
ly controlled by physico
chemical processes (e.g.,
resistance to erosion, water

For more information contact
Eric Paterson: Er-
ic.Paterson@hutton.ac.uk

The soils of Scotland are
highly diverse, shaped by
climate and their underlying

Soil Health Indicators for Scotland: Are Soil
Health Indicators reflecting the situation in Scotland and are they

working? (htps://bit.1y/31USIq0)

Paul R.

Any monitoring or management
of soils needs to incorporate the
understanding of the chemical,

physical and biological process
that combine together to pro-
duce a healthy soil.

Work with the AHDB GreatSoil
partnership suggested a list of
soil health indicators based on
expert knowledge for English,

Hargreaves, Rosie Boyko, Christine Watson (SRUC)

cators using referenced research
papers for similar conditions to
Scotland.

mitigation measure for climate
change. Longer-term grass lays
(over 5 years) with would be
expected to return results as
good but only gave moderate
results. Certain upland soils had
very wide bands, especially for
good, with high upper limits for

Biological
Feed the soil regularly through
plants and OM inputs

Move soil only when you have to
Diversify plants in ce and time
Once a specific list of soil health
indicators had been identified
these were compared with the
AHDB suggested indicators. Addi-
tionally, the methodology for
assessment of soils health crite-

ria as good, moderate and poor

Physical
Texture and limits to
waorkability, trafficability

Optimise water balance
through drainage

Soil structure

reflect the average values ex-

Similar assessments for soil pected across an area.

SOM (96% to 80%) and may not

for actual Scottish soils needed
to be assessed. This began with
the most commonly used criteria
and reflected the end user inter-

Welsh and Scottish soils. Howev-
er, as Scottish soils are different
both physically and their underly-
ing chemistry, there is a need to

health were recognised with two
different ranking systems. Focus
on SOM or soil C has become
much greater in recent years,

For more information contact
Paul Hargreaves:
Paul.Hargreaves@sruc.ac.uk

investigate the soil health indi-

ests to encourage uptake

especially with the interest as a

Interaction of climate and soil pH in determining crop resilience

and quality (https://bit.1y/32fPz2x)

Kairsty Topp, Robin Walker, Rob Graham, Andrew Mead and Christine Watson (SRUC)

The impacts of climate
change on yields and crop
quality are moderated by
land management practices.

Soil pH plays a crucial role in
nutrient cycling with mainte-
nance of soil at the optimum
pH critical for maximizing

yield. For example, Spring

barley was seen not to toler-
ate low pH however was tol-

>

Scottish Government
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erant of high pH. Conversely
Spring oats was found to be
tolerant of low pH but not
high pH. Utiising trial data
we predicted the asymtopic
maximum yield based on
these observed relationships.

Findings showed that Asymp-
totic maximum yield was
impacted by weather, pH was
found to impact grain N%

RESAS
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with grain N yield impacted by both pH and weather.

For more information contact Kairsty Topp: Kairsty.Topp@sruc.ac.uk
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FTIR: A Novel Method for Assessment of Soil Health
Fourier Transform Infrared (FTIR) Spectroscopic Analysis in
the Assessment of Soil Health and for Improved soil
monitoring (https://bit.ly/40vGR]w)

Jean Robertson,

The amounts and quality of
soil organic- and mineral-
matter affects soil health.
They influence properties
including water holding ca-
pacity and the supply of
nutrients. An FTIR spectrum
gives the overall chemical
profile of the soil. Important-
ly an FTIR spectrum provides
information about both the
organic and inorganic com-
ponents. FTIR spectroscopy
has the potential to provide
information about the
amounts and quality of soil
organic matter (SOM), clays
and other soil minerals.
Therefore, information de-
rived from the FTIR spectra
of soils can be linked to soil
health. Multiple soil proper-
ties can be predicted from a

Angela Main,

Reza Hag

single FTIR spectrum (e.g %
C, %N, moisture, bulk densi-
ty). This also makes FTIR an
effective method for rapid
and economical monitoring
of soil.

FTIR has been shown to give
accurate predictions of soil
health indicators such as soil
organic carbon, soil moisture
and bulk density from a sin-
gle scan. Model development
will allow prediction of new
soil health indicators by FTIR
such as PLFAs (which relate
to the microbial community)
and (a proxy for rate of de-
composition of organic mat-
ter). Novel handheld FTIR
methods are being developed
to allow 'in field’ soil health
assessment on a spatial and
temporal scale not previously

hi (The James Hutton

Institute)

possible. This research is
contributing to the F.A.Q.
GLOSOLAN global initiative to
help countries use soil spec-
troscopy to understand soil
conditions, improve agricul-
tural productivity and reverse

land degradation.

For more information contact
Jean Robertson:
Jean.Robertson@hutton.ac.uk

EEREY Trophic interactions enhancing soil P. Arbuscular
mycorrhizal fungi have a greater role than root hairs for
selecting a microbiome and enhancing rhizosphere organic P

mineralization (https:.//bit.ly/3KjygUt)

Lawrie K. Brown, Jiachao Zhou,

Institute)

Timothy S George, Susan Mitchell, Lin Zhang, Gu

Feng (The James Hutton

rhizosphere microbial diversi-
ty and function. In low Pi
conditions, AM fungi and root
hairs both influenced the
rhizosphere microbial num-
bers and community assem-
bly. Importantly, AM fungi
had a greater impact on mi-
crobial structure and func-
tion than root hairs and
played a more important role
in recruiting bacteria that
could release phosphatase
and improve the utilization
of organic P. The organic P
mineralization process is
driven by the rhizosphere
microbiome and contributed
more than half of plant P
assimilation. In high Pi condi-
tions, the effects of AM fungi
and root hairs on rhizosphere
microbiome assembly and
function almost disappeared.

Root hairs, arbuscular my-
corrhizal (AM) fungi and
rhizosphere microbiome all
play important roles in my-
corrhizal plant phosphorus \_/
(P) absorption from soil. 5C

However, how the plant AM FI
fungi rhizosphere microbiome |
continuum interacts to pro- 65cm
mote the use of soil P is still "
unclear. Here, we present

results of a controlled envi-

ronment experiment to reveal T
the effect of root hair, AM v
fungi and their interaction 30em
on rhizosphere microbial Po |
cycles. Compared to root 50cm
hairs, AM fungi contributed
more to active microbial
community assembly, func-
tional gene recruitment and
Po mineralization. The rhizo-
sphere microbial Po mineral-
izing process contributed
more than half of plant P
assimilation in the P limited
condition. The application of
inorganic P (Pi) reduced the

a: Sand with 30 um soil compartment

b:2 mm soil compartment

t= Air fan

= Radiator Pump

wanyg

101NPUOOTDS

yuis wopy

Nuis 9}

30 pm nylon mesh

We conclude that while root
hairs are important in species
which have a long root hair
system, in maize with a short
root hair system AMF are
functionally superior. There
are interactions between AM
fungi and root hairs not only
due to morphology, but also
due to differential shifts in

effect of root hairs and AM
fungi on rhizosphere microbi-
al community assembly and
Po mineralizing ability. Our
findings demonstrate the
importance of AM fungi for
short root hair crop species
as a driving force for rhizo-
sphere microbial recruitment
and function.

For more information con-
tact Tim George:
Tim.George@hutton.ac.uk
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SoiI health and
function: Physical
characteristics, function,

>

and soil

health status of

compost amended soil
(https://bit 1y/31QM3sj)

Kenneth Loades,

Hutton Institute)

Soil physical structure un-
derpins different soil func-
tions. These functions are
critical with significant spa-
tial contributions, from field
to the catchment, and the
wider environment. Examples
of such functions include
flood mitigation, reducing
soil erosion, and influencing
greenhouse gas emissions
from soil. Sustainable man-
agement of agricultural soils
aims to optimise soil physical
condition ensuring that soil
functions are maintained.
The application of indicators
to characterise soil health is
key in both top and sub-soils
to monitor and assess soil
ecosystem services.

There are a

David Boldrin,
Hanlon and Anna Taylor

Mark
(The James

draulic conductivity, plant
available water, and soil resil-
ience to

In top-soils plant available
water and water stable ag-
gregates (WSA) was shown to
increase significantly with
increasing compost applica-
tion rates (similar to that
observed with Dexter S). Hy-
draulic conductivity in top-
soil was found to be higher
in plots with the highest
rates of compost application.
Sub-soil hydraulic conductivi-
ty in moderately applied
compost plots was signifi-
cantly higher than in control
plots. Even under minimum
tillage conditions changes,
significant changes in sub-

number of

comarres e

tools to char-
acterise soil

0
'
23
s

T

structure (e.g.,
aggregates)

;l
it

such as the
Visual Evalua-

1[ it

i
s
i

) s ) e

tion of Soil
Structure
(VESS) and the

Lk

i

slake test.
These are re-

i

_m
|

ported to work

well under typical conditions.
However, questions must be
asked on their efficacy under
different soil management
regimes. Furthermore, it is
important to understand how
these indicators link to soil
physical functions such as
water holding capacity, hy-

T

| s e e

| em

soil function were observe
with compost application. No
link observed between organ-
ic carbon in subsoils and bulk
density.

For more information con-
tact Kenneth Loades: Ken-
neth.Loades@hutton.ac.uk
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Microbial community
composition can drive
differences in CO2 emissions
from soils planted with

different grass varieties
(https://bit.ly/3nyUfOp)

Maddy Giles, Sandra Caul, Dale King,
Susan Mitchell and Eric Paterson (The
James Hutton Institute)

Plant-soil
interac-
tions play
an im-
portant
role in
regulating
CO2 emis-
sions and
storage of
carbon (C)
as soil
organic
matter
(SOM)
creating
the po-
tential for crop selection to
be a tool for sustainable
agriculture. This is of particu-
lar importance in grassland
soils which are known to be
important stores of C. How-
ever, there is still a need to
understand whether the se-
lection of different grass
species and varieties can hd
control the rates and prod-

ucts of C cycling and if this

is driven by the interaction

with below ground microbial
communities.

SN e

community selection across a
range of agricultural grasses,
and to assess the extent to
which distinct microbial com-
munity compositions were
predictive of CO2 emissions
from soil.

Conclusions

The selection of grass
variety for cultivation
has the potential to be
an important tool for
managing soil C storage
and CO2 emissions in

. . n grassland soils.
Microbial communities are

central to the regulation of °
soil functions that mediate
processes such as C cycling.
Consequently, soil communi-
ties influence greenhouse
gas (GHG) emissions, soil C
storage and nutrient availa-
bility by regulating the bio-
geochemical processes that
determine the fate of C in
soils. Understanding the
structure and function of soil
communities associated with
plant roots is therefore criti-
cal to understanding how
crop selection can help soils
be managed for multiple
benefits.

Different grasses select-
ed for their own unique
microbial communities
and the composition of
these communities had a
small but significant
effect on CO2 emissions
from soils.

® This provides insight into
the potential mecha-
nisms by which grass
selection may control the
partitioning of C into
soil, plant and atmos-
pheric pools.

For more information con-
tact Maddy Giles: Mad-

The aims of this study were dy.Giles@hutton.ac.uk

therefore to characterise
plant-driven soil microbial

N
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Rise of the pHoenix: relocation of a 60+ year old soil pH
gradient experiment (https://bit.ly/40reyvF)

Robin Walker, Kairsty Topp,

The Woodland's Field pH
long-term-experiment (LTE)
was started in 1961 and
comprised an 8 course rota-
tion, with every crop grown
every year. A soil pH gradi-
ent was superimposed
across all crops, with target
soil pH ranging from pH4.5
to pH7.5, with plots main-
tained at 0.5pH increments
giving 7 pH treatments in
total. The rotation consisted
of 3 years grass and white
clover followed by winter
wheat, potatoes, spring bar-
ley, swedes with undersown
spring oats.

Soils from the original Wood-
land’s Field pH LTE were re-
moved to a depth of 20cm,
starting with those from the
pH4.5 treatments. These

were mixed in the trailers
prior to relocation into pre-
prepared 4m x 5.5m holes,
also excavated to a depth of
20cm, at the new pHoenix
site. The new site only ever
had holes excavated for 2 of
the target soil pH treatments
at any one time in order to
reduce the risk of soils being
deposited in the wrong loca-

tion. Once the pH4.5 soils
had been relocated to their
new "home”, the pH5.5 plots
were marked out ready for
excavation, and the pH5.0
plots were relocated to their
pre-excavated positions. The
pHoenix LTE was sown out to
ryegrass immediately after
the move to allow the plots
to settle, and pH modifica-
tions were started once the
first routine soil pH analysis
was made on each plot — this
has been done twice per year;
the new rotations and man-
agement on the pHoenix LTE
will commence in spring
2023. As well as the 5 and 7
course rotations which will
have 3 phases from each
present in any one year,

there will be permanent beds »

Rob Graham and Christine Watson (SRUC)

of ryegrass and a multi-
species grassland. Each crop
will receive fertilizer, herbi-
cide and fungicide inputs at
rates typical for the region.

For more information con-
tact Robin Walker: Rob-
in.Walker@sruc.ac.uk

Disease suppressive soils: Can integrated soil
management result in disease suppression through the
creation of healthy soil microbiomes (https://bit.ly/3K420Ua)

Jennie Brierley, Eva Randall,

On Yau (The James Hutton Institute)

The Centre for Sustainable
Cropping (CSC) was estab-
lished at Balruddery Farm (NE
Scotland) to integrate all
aspects of sustainability
research on arable ecosys-
tems at The James Hutton
Institute. This included the
establishment of a six-field
rotation. Each field in the
rotation is split into two
halves. One half is managed
according to current conven-
tional crop husbandry prac-
tice and one half has an
evolving integrated manage-
ment package. The goals of

Scottish Government
Riaghaltas na h-Alba
gov.scot
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the integrated management
strategy are to: i) Enhance
microbial, plant and inverte-
brate biodiversity for eco-
system services, ii) Reduce
reliance on mineral fertiliser
and increase resource use
efficiency, iii) Improve soil
structure. A preliminary ex-
periment comparing disease
severity on potato grown in
the two differently managed
soils, after being challenged
with the potato pathogen
Rhizoctonia solani AG3, indi-
cated that soil from the inte-
grated treatment had disease

James Lynott,

Louise Sullivan, Sue Jones and Tung

suppressive properties. In the
current SRP, we are building
on this data to determine:
whether integrated soil man-
agement can result in dis-
ease suppression through the
creation of a diverse and
healthy soil microbiome. If
legacy effects of integrated
management in the non-
potato crops remain benefi-
cial in terms of reducing
disease in a potato crop. If
potato cultivation reduces
soil microbial diversity, how
quickly does it re-establish
post potato cultivation.

Here, we describe
preliminary results
comparing the soil
microbiomes of the
conventional and

8 integrated manage-
ment treatments in
March pre-potato
cultivation and July
post-planting of
potato.

Following 5 years of
integrated soil man-
agement, in March —

SEFARIS = @,

pre planting of potato, the
soil microbiome was more
diverse than (Shannon index
of alpha diversity) and dis-
tinctly different to (Beta
diversity) the microbiome of
the soil which had been man-
aged conventionally. Planting
of potato reduced the alpha
diversity of the microbiome
in the soil under integrated
management, and it was no
longer distinct from that of
the conventionally managed
soil. We have not yet demon-
strated that the integrated
management strategy con-
sistently results in disease
suppression in all fields
across the rotation.

For more information con-
tact Jennie Brierley: Jen-
nie.Brierley@hutton.ac.uk
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Variety—tillage interactions: Identifying varieties and
their traits for adaptation to soil conditions: tillage
adaptation (plough/no-till) (https://bit.1y/31WiRjB)

Adrian C Newton and Tracy Valentine

Cereal and other crop varie-
ties are bred for optimum
performance under high in-
put conditions, particularly
fertilisers, pesticides and
tillage. With increasing
trends towards lower inputs
and reduced soil tillage for
enhanced sustainability, do
we have the appropriate
varieties?

Reduced inversion tillage is
an important trend for im-
proving soil health and an
essential component of
‘regenerative agriculture’.
Anecdotal evidence suggests

that, as with organic agricul-
ture, certain varieties are
better adapted to non-
inversion tillage.

e Tel Soil Monitoring

Framework and

Nikki Baggaley
Institute)

There is an international
drive for the development of
a soil monitoring frameworks
with many research ques-
tions around how data from
different sampling cam-
paigns can be integrated to
provide a robust picture of
soil health. Critically it is
important for the framework
to also record changes in soil
health at different scales.

Part of the work on develop-
ing a soil monitoring frame-
work and indicators has been
to review existing data sets
alongside both national and
sector specific data from
Scotland. Such datasets
could form the basis of as-
sessing change in Scotland’s
soils. The presentation will
summarise work into meth-
ods for rapid sampling, analy-
sis of data on soil carbon
decomposition, and compil-
ing, and analysing, data sets
of soil physical measure-
ments, carbon stocks, and
erosion observations..

For more information con-
tact Nikki Baggaley: Nik-
ki.Baggaley@hutton.ac.uk

Scottish Government
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We are identifying such vari-
eties, characterizing their
adaptation and trying to
identify the traits that are
responsible. Root traits are
likely to be particularly im-
% portant and we know that
S=*= cultivation causes a big shift
in soil microbial populations.

Varieties change ranking in
_ response to differences be-
~ tween soils caused by tillage

Varieties may be preferential-
ly-adapted to non-inversion

! tillage, inversion tillage or
both

Institute)

Non-inversion tillage cereal
crops can be more resistant
to rusts and powdery mil-
dews

Crop (rotation) history and
other environmental factors
can affect yield ranking also

Detailed characterization of
changes in soil and effects
on crop growth are needed
to identify key response
traits.

For more information con-
tact Adrian Netwon: Adri-
an.Newton@hutton.ac.uk

Developing Near-Real

Time Soil

Carbon

Sequestration and GHG
Predictions: Step Toward

NetZero
Jagadeesh Yeluripati
Hutton Institute)

Across Scotland there is a
unique range of experi-
mental platforms where we
can test and demonstrate
the impacts of different land
management techniques on

soil health and function.
Within Healthy Soils for a
Green Future project we fo-
cus on 4 main research plat-
forms located in the East of
Scotland. The Centre for
Sustainable Cropping and
Grieves Farm near Dundee
provide arable facilities with
a range of cropping systems
and tillage types. Glensaugh

RESAS

Rural & Environmental Science
and Analytical Services

Climate-Positive Farm, near
Fettercairn, provides pasture-
based systems and agrofor-
estry, and the ACE Platform
at Craibstone, near Aberdeen,
is the home to long-term
field experiments on soil pH
and legume supported farm-
ing systems. This presenta-
tion will explore these facili-
ties and what they offer to
the RESAS Strategic Research
Programme and other fund-
ing initiatives.

(The James

ipcc

INTERGOVERNMENTAL PANEL Ox ClimaTe chanee

Climate Change 2022
Mitigation of Climate Change

For more information contact
Jagadeesh Yeluripati :
Jagadeesh.Yeluripati
@hutton.ac.uk

\ 4 S The James
SEFARI S = ©g® =2
A > i intitute


https://bit.ly/3lWiRjB

The Soil Sentinel

Healthy Soils research platforms

Christine Watson

Across Scotland there is a
unique range of experi-
mental platforms where we
can test and demonstrate
the impacts of different land
management techniques on
soil health and function.
Within Healthy Soils for a
Green Future project we fo-
cus on 4 main research plat-
forms located in the East of
Scotland. The Centre for
Sustainable Cropping and
Grieves Farm near Dundee
provide arable facilities with
a range of cropping systems
and tillage types. Glensaugh
Climate-Positive Farm, near
Fettercairn, provides pasture-
based systems and agrofor-
estry, and the ACE Platform
at Craibstone, near Aberdeen,
is the home to long-term
field experiments on soil pH
and legume supported farm-
ing systems. This presenta-
tion will explore these facili-
ties and what they offer to
the RESAS Strategic Research
Programme and other fund-
ing initiatives.

(SRUC)

Scotland’s Innovative Climate Research
Virtual Tour
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Further information

For more information contact Christine Watson: Christine.Watson@sruc.ac.uk

Knowledge exchange and engagement

Paul

Key to maximising the im-
pact and adoption of re-
search outputs is effective
delivery and engagement
with stakeholders both with-
in Scotland, the UK, and the
wider global scientific com-
munity. Outputs developed
within the Healthy Soils pro-
ject funded through Scottish
Government and the strate-
gic research programme have
been delivered at a number
of events over the year with
a newsletter, The Soil Senti-
nel launched at the Royal
Highland Show in 2022, high-
lighting research within
Healthy Soils and other soils
related outputs from the
wider strategic programme.
The Soil Sentinel in now in
its third edition and has cov-
ered issues from peatland
restoration to biota of the
soil.

In the first 12 months of
Healthy Soils the project has
been associated with 33 pub-
lications and recorded 97

Scottish Government
Riaghaltas na h-Alba
gov.scot

>

Hargreaves (SRUC)

engagement activities to
date. Engagement activities
have included a presence at
The Royal Highland Show,
Arable Scotland, and at the
World Congress of Soil Sci-
ence (WCSS) which took
place in Scotland providing a
fantastic opportunity to
showcase our world leading
research to a global audi-
ence. Attendance at the

WCSS was supported through

funding secured from the
Scottish Environment Food
and Agricultural Research
Institutions (SEFARI) Gate-
way.

For more information con-
tact Paul Hargreaves:
Paul.Hargreaves@sruc.ac.uk
or Kenneth Loades: Ken-
neth.Loades@hutton.ac.uk.
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e Yel How do we understand the impact of management on

soil
Maddy Giles

Plant-soil interactions are
fundamental for regulat-
ing nutrient cycling in
soils, and the manage-
ment of these interac-
tions represent a poten-
tial means to regulate
CO, and N,0O emissions,
nutrient retention and
storage of C as soil or-
ganic matter (SOM).

Understanding the role of
plant soil interactions in
controlling nutrient cy-
cling requires both the
ability to quantify the

function?

(The James Hutton

Institute)

function of interest and
clarify the mechanisms
controlling it, including
understanding the ecolo-
gy of the soil microbiome
which underpins many
nutrient cycling process-
es. This makes it possible
to identify whether man-
agement strategies such
as crop selection target-
ing beneficial plant-soil
interactions may be a tool
for sustainable agriculture
and maintenance of soil
health. This may be of

IR Achieving Multi-

Purpose Nature-Based
Solutions (AiM NBS)

Mark Wilkinson
Institute)

Nature Based Solutions
(NBS) have been identified
as one solution to many
water related environmental
pressures. However, scientific
evidence and guidance are
needed to support implemen-
tation. Coupled with this,
greater focus must be given
so that these solutions can
provide many more ecosys-
tem services and there are
potentially ways to maximise
these benefits further in
managed landscapes.

This project aims to: a) De-
velop a multi-scale empirical
understanding of the impact
of NBS based on hydrological,
hydro-geomorphic, biogeo-
chemical and ecological ob-
servations; b) Assess the
water-related ecosystem
services of a selection of NBS
approaches on our land-
scapes and suggest ways in
which the benefits can be
enhanced; c) Assess the state
of river corridors and their
role in combating climate
change, via ES impact indica-
tor groups; d) Understand
how to achieve transforma-
tive change via NBS that
deliver multiple benefits and
works across multiple sectors
and scales..

Scottish Government
Riaghaltas na h-Alba
gov.scot

>

(The James Hutton

For more information contact
Mark Wilkinson:
Mark.Wilkinson@hutton.ac.uk
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particularly relevance in
grassland systems which
are important stores of C.
Here we used both con-
trolled environment ex-
periments and field trials
to explore the relation-
ship between, different
grass species, the soil
microbiome and the emis-
sions of CO,and N,0O from
soil.

For more information con-
tact Maddy Giles: Mad-
dy.Giles@hutton.ac.uk

Future Land

Capability Assessment for
Scotland

Emmanuel
Institute)

Udugbezi (The James Hutton

classes both positively and
negatively.

Increasing interest in the
multiple benefits of land use
(e.g., food production, eco-
system services, carbon se-
questration etc) beyond just
agriculture, demands under-
standing land capability in a
changing climate. This un-
derstanding provides a stra-
tegic tool to inform land
related net zero aims and
climate change adaptation
policies. Using a newly devel-
oped Land Capability for
Scotland computing plat-
form, we spatially estimated
the values of the criteria «  NoChange

determining the Land Capa- * :::—'e':‘;'eg:;‘n

bility for Agriculture (LCA) «  significant gain

classes, using future cli- o Marginal loss oy,
mate projections (UKCP18). . Lo - - ‘:{
We identified risks and op- i
portunities to land use

options due to the impact
of climate change.

Soil water balance modelling
indicates that in the future
reduced soil water availability
is likely to have a significant
impact on land use with po-
tential risks to productivity.

For more information contact
Emmanuel Udugbezi : Emman-
uel.Udugbezi @hutton.ac.uk

Direction of change in LCA classes between baseline (1960-1990)
and climate reference 1987-2017

Baseline estimates of LCA
classes and criteria values
were computed using soil
series and 1-km gridded
daily climate observation
data (477,256 unique com-
binations) from 1960 — 2020
and future estimates (2020
— 2050) from 13 climate
projections for the RCP 8.5
scenario. Results showed
that climate change has
already altered some LCA

I;e James
gn== Hutton
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I I l Institute
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Understanding the

value of Scotland’s
agricultural soil natural

capital

Alistair

Soils are the main underpin-
ning natural capital asset of
Scotland's agricultural sec-
tor. They are not currently
considered as a distinct as-
set in metrics such as the
ONS Natural Capital Ac-
counts or NatureScot's Nat-
ural Capital Asset Index.

A better understanding of
the value provided by soils

Legend

Land capability for agriculture class
1

McVittie (SRUC)

natural capital asset not
currently directly captured in
natural capital metrics.

For more information con-
tact Alistair McVittie :
Alistair.McVittie@sruc.ac.uk
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Soils and climate

change; A Scottish

perspective

Bob Rees (SRUC)

The Scottish Government has adopted ambitious policies to
reduce greenhouse gas missions from agriculture and land use
in which soil management will play a crucial role.

Policies include a recognition of the importance of reducing
nitrous oxide emissions form fertiliser use, the expansion of soil
testing and increasing soil carbon sequestration. This presenta-
tion will summarise the work being carried out in the Scottish
Government's strategic research programme on greenhouse gas

mitigation and carbon sequestration.

Areas of planned future

activity will also be discussed risks to productivity.

For more information contact Bob Rees: Bob.Rees@sruc.ac.uk

. . N R &
will contribute to monitoring —1
the sustainability of Scot- —
land’s natural capital, indi- !Qf

S =
cate where policy interven- 5%
tion is required, and support == Securing a Green Recovery
T - on a Path to Net Zero

land management decisions. =§=

This research takes a bottom
-up approach to determine
the main ecosystem services
provided by Scotland’s agri-
cultural soils. This will evalu-
ate the appropriate levels at
which soil should be valued
and monitored, i.e. as a dis-
tinct asset or part of wider
system. This research re-
sponds to an identified gap
through the valuation of a

Aay public

Land Capabityfor Agricuture 1:50,000 Copyright and database right The James Huton Institute 2016.
The

CentrePeat project

Rebekka Artz (The James Hutton

The CentrePeat project
aims to inform the pro-
tection and restoration
of peatlands across Scot-
land. In the first year of
the 5-year programme we
have made progress on
jointly developing a draft
methodology for a low-
cost monitoring network
for proxies of greenhouse
gas exchange and condi-
tion of peatlands, initially
with partners at James
Hutton Institute, Na-
tureScot and BioSS. We
have explored the geospa-
tial design of such a net-
work and the potential
methodologies that could
be used. Alongside these
developments, Hutton
staff gathered and ana-
lysed data on carbon di-
oxide and methane emis-
sions from the Scottish

Greenhouse Gas flux net-
work sites (SCO2FLUX) on
peatlands. This network
currently contains nine
monitoring stations on
peat, with a further four
to be added soon. We
have also expanded our
monitoring capability for
dissolved and particulate
organic carbon (POC) lost
via water courses at two
of our monitoring sites,
the data from which will
feed into an ongoing evi-
dence review of the emis-
sion factor for POC from
peatlands. We are devel-

e

v20

Institute)

oping an integrated cate-
gorisation of peatland
condition compatible with
national scale peatland
condition mapping and
monitoring and link this
to the development of
Earth Observation-based
indicators of water table
dynamics as a proxy for
emissions and a method-
ology to monitor restora-
tion trajectories. In an
effort to improve wider
Natural Capital account-
ing, Hutton and SRUC
partners in the project are
working on an evidence-
mapping review on eco-

system services and are
beginning to explore a
conceptual Marginal
Abatement Cost Curve
framework. A final piece
of the programme is aim-
ing to improve the ways
we may be able to model
the fate of peatland car-
bon and nitrogen cycling.
In this talk, the progress
made in our first year will
be provided as a brief
overview and links to out-
puts provided.

For more information con-
tact Rebekka Artz: Rebek-
ka.Artz:@hutton.ac.uk
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